The objective of this study was to investigate whether the sex hormone binding globulin (SHBG) levels before conception are predictive of gestational diabetes mellitus (GDM) in women with polycystic ovarian syndrome (PCOS). Materials and Methods: A total of 180 women with PCOS were enrolled and followed up during pregnancy. Diagnosis of GDM was based on a 2-hour, 75 g oral glucose tolerance test (GTT) performed at 24-28 weeks of gestational age. SHBG levels were measured from serum samples that had collected before conception. We examined the incidence of GDM and plotted a receiver operating characteristic (ROC) curve to assess discrimination. Results: Of the 180 women, 50 (27.8%) were diagnosed with GDM. Those with lower levels of SHBG before conception were more likely to develop GDM than those with higher SHBG (44.4 ± 14.8 nmol/l vs. 63.5 ± 22.7 nmol/l, P < 0.001). The area under the ROC was 77.0% (95% confidence interval [CI] 71.3-78.8). The optimal cut-off value for detecting GDM was a SHBG ≥62.5 nmol/l. For every 1 nmol/l increase in SHBG value, there was a 7% reduction in the risk for development of GDM (Odds ratio 0.93 [95% CI 0.90-0.96], P < 0.001). Conclusion: In women with PCOS preconception, SHBG levels are strongly associated with development of GDM.
and the subsequent development of type 2 diabetes mellitus. [6] [7] [8] [9] Among pregnant women, low level of SHBG have been found at the time of the diagnosis of gestational diabetes mellitus (GDM). [10] A recent study of different SHBG polymorphism showed evidence of a genetic correlation between SHBG levels and type 2 diabetes independent of body mass index (BMI). [11] This could indicate a possible causal role of SHBG in the glucose regulation pathway.
The purpose of this study was to investigate whether the SHBG levels before conception are predictive of GDM in women with PCOS.
MATERIALS AND METHODS
This prospective cohort study was conducted from January 2009 to March 2013 in Isfahan, Iran. Our study sample comprised 180 infertile women diagnosed with PCOS that were conceived. All the patients attended the clinics in Shahid Beheshti Hospital, which is affiliated to Isfahan University of Medical Sciences, Iran (research project Number 390038). We only included the subjects
INTRODUCTION
Polycystic ovarian syndrome (PCOS) is the most common endocrinopathy, present in 15.2% of the Iranian women of reproductive age, based on the Rotterdam criteria. [1] Insulin may act directly and/or indirectly through the pituitary to stimulate ovarian androgen production. [2, 3] The most commonly used definition of PCOS include at least two of the three following criteria: Clinical and/or biochemical signs of hyperandrogenism, oligo-and/or anovulation and polycystic ovary on ultrasonography excluding other related diseases such as adrenal congenital hyperplasia, Cushing's syndrome, and androgen secreting tumors. [4] During pregnancy, increased peripheral tissue resistance to insulin has been demonstrated, which is primary caused by placental hormone and a preexisting state of insulin resistance frequently associated with PCOS. [5] In nonpregnant women, low level of sex hormone binding globulin (SHBG) have been associated with insulin resistance original articlE who were aged between 18 and 42 years. They were diagnosed retrospectively according to the European Society for Human Reproduction and Embryology and the American Society for Reproductive Medicine (ESHRE/ASRM) criteria, that is, presence of at least two of the following conditions: chronic anovulation, hyperandrogenism, and polycystic ovaries. [4] Written informed consent was obtained from all participants and the study was approved by the ethics committee at Isfahan University of Medical Sciences. All women underwent standardized screening at the study inclusion, including a physical examination, transvaginal ultrasound scan of ovaries and metabolic and endocrine laboratory measurements, as described previously. [12] Waist and hip circumference was measured to the nearest 0.5 cm with a measuring tape. Waist was measured midway between the lower rib margin and the iliac-crest at the end of a gentle expiration. Hip circumference was measured over the greater trochanters directly over the underwear. Laboratory measurements were repeated annually until pregnancy was achieved. We excluded women with fasting plasma glucose levels >92 mg/dl at first prenatal care and women with any type of pre-GDM and/or concomitant disease such as heart disease, kidney disease, chronic hypertension, hypothyroidism, hyperthyroidism or autoimmune disease, and asthma. Screening for GDM was performed in 24-28 gestational weeks using a oral glucose tolerance test, 3 hours after 100 mg of glucose (OGTT-3h-100 g). The diagnosis of GDM was established with two or more abnormal values in accordance with the American Diabetes Association criteria [13] (Fasting ≥ 92 mg/dl, 1h ≥ 180 mg/dl, 2h ≥ 153 mg/dl). SHBG was quantified using the modular E 170 (Roche diagnostic, Mannheim, Germany).
Statistical analysis
Quantitative variables were expressed as mean ± SD and were compared between groups using student t-test. Quantitative variables were expressed as frequencies in percents and were analyzed by chi-square or Fisher exact test. Multivariate binary logistic regressions were fitted to identify predictors of new-onset GDM using the SPSS version 15 for Windows (SPSS Inc., Chicago, IL, USA). We considered the following covariates in the multivariateadjusted analyses: Age, waist circumference, BMI, HDL, triglyceride, SHBG, insulin, and HOMA-IR. The ability of SHBG value to predict incidence of GDM was examined by receiver operating characteristic (ROC) curve and their respective areas under the curve, in which sensitivity is plotted as a function of 1-specificity. The area under the ROC curve is a global summary statistic of the discriminative value of a model, describing the probability that the score is higher in an individual developing than in an individual not developing GDM. All tests for statistical significance were two-tailed, and performed assuming a type I error probability of <0.05.
RESULTS
Of the 189 pregnant women with PCOS, 9 women were excluded because of incomplete data. Of the remaining 180 women, 50 (27.8%) had GDM. The preconceptional characteristics of the 130 (72.2%) PCOS women without GDM and 50 (27.8%) with GDM are shown in Table 1 . Those who developed GDM had higher mean waist circumference, weight, triglyceride, insulin and HOMA-IR, and have lower preconception SHBG and HDL level. The mean (SD) SHBG was 44.4 (14.9) nmol/l for those with GDM and 63.5 (32.7) nmol/l for those without GDM (P < 0.001).
The overall incidence of subsequent GDM was 27.8% (95% CI: 21.2-34.3). To determine the independent predictors of factors associated with GDM, stepwise binary logistic regression was used to test seven predictor variables (age, waist circumference, BMI, HDL, triglyceride, insulin, and HOM-IR). The risk of GDM increased with decreasing SHBG levels. In adjusted analyses, there was a significant negative association between SHBG levels and GDM (Odds The ROC curve for the incidence of GDM for SHBG is shown in Figure 1 . The areas under the ROC curves were 0.769 (95% CI 0.692-0.845) for SHBG. SHBG was a significant predictor for future risk of GDM (P < 0.001). The optimal cut-off value for detecting GDM was a SHBG level of greater or equal to 62.5, at which the sensitivity was 92% and specificity was 50.8. The positive and negative predictive value of the SHBG for prediction of GDM development were 41.8% and 94.3%, respectively. This study may draw criticism because of the use of a relatively small sample size of PCOS women. Large prospective studies of PCOS need to be performed to determine the actual risk of developing GDM and, in addition, to search for differing biological mechanisms that may explain why some PCOS women appear to remain clinically silent for life or develop GDM very late. Despite the above limitations, the findings here add to our understanding of the developing rate to GDM in women with PCOS in Iran. Furthermore, this study provides new data from Iran, a developing country that has been underrepresented in past studies.
Reliable prediction of GDM would need interventions aimed at reducing the incidence of GDM in women with a history of PCOS such as life style changing and medical treatment with the use of pre-and transgestational metformin.
CONCLUSION
These data provide further evidence that the preconception SHBG is an effective tool for identification of PCOS women at increased risk of developing GDM in Iran.
DISCUSSION
In this study, the SHBG has a good ability to predict GDM in a cohort of 180 PCOS pregnant women, with an area under the ROC of 77%, and comparable to its ability to predict GDM. The worldwide prevalence of GDM varies from 1% to 14% depending on the population studied and the diagnostic criteria used. [14] Women with PCOS have a 3-fold increased risk of developing GDM compared with women without PCOS. [15] We found that the lower preconceptional SHBG values were associated with an increased risk of the development of GDM, which was diagnosed at 24-28 weeks of gestation. Women with PCOS display decreased level of SHBG. This glycoprotein, produced in the liver, binds most sex steroids. The synthesis of SHBG is suppressed by insulin. SHBG levels have also been linked to impaired glucose control and a risk for developing type 2 diabetes mellitus (DM). [11] The mechanism of this association is not fully understood and may reflect a role for SHBG in glucose homeostasis. Moreover, in several studies, a relationship has been found between the lower plasma SHBG levels in first trimester pregnancies and subsequent GDM. [16, 17] Importantly, unlike other markers of insulin resistance, SHBG is reliable in the nonfasting state and exhibits no diurnal variation, [18] which renders SHBG as a unique marker of insulin resistance that is useful especially in clinical situations when fasting blood samples are not collected routinely such as during prenatal care. Women in the two groups (GDM and non-GDM) were not significantly different in terms of BMI, but the mean of the waist circumference was significantly higher in GDM women. The distribution of body fat has a strong influence on SHBG levels. Android or central fat is located in the abdominal wall and visceral mesenteric locations. This fat distribution is associated with hyperinsulinemia and decreased level of SHBG. 
